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Strong market dynamics 
The semiconductor industry (both silicon
and compound semiconductor devices,
equipment and materials), with its turnover
in excess of $200bn per year, has 
provided a continuum of electronic and
optoelectronic performance successes for
over 50 years, supported by the continuing
improvement in the performance of device
design and materials technology. Yet at the
same time, the whole industry has had to
depend on the consistency and quality of
its developing, but carefully nurtured 
supply chain. However, in many industry
supply segments, sales volumes have
become very high (multi-billion dollars per
year) and competition and consolidation
have led to a contraction in the number of
players in a given market segment. In the
early days of semiconductors, tens of viable
supply companies in a supply market 
segment was the norm, but today three or
four major players may often control 70 to
80% of the market. The costs of material,
energy and research are increasing, placing
much of the future technology in the hands
of very large companies.
This ‘Rule of Three’ (ROT) market condi-
tion, as it is refered to, arises where three
major suppliers control 70% or more of a
given market. One example would be the
photoresist market where Tokyo Ohka
Kogyo (TOK), Rohm & Haas (R&H) and
TSR control about 67% of the world mar-
ket. Other ROT situations include spin-on
glass suppliers (for dopant, insulator and
leveling uses) and the photomask and 
silicon substrate-wafer markets.
For compound semiconductors, a similar
situation may exist in the epitaxy deposi-
tion equipment market, where three com-
panies control more than 70% of the ship-
ments, both in volume and value. Even
more extreme examples do occur, with at
least one relatively new semiconductor
production material providing an excep-
tion to ROT theory, namely the relatively
young ‘chemical mechanical polishing
pad’ market, which has only one major
supplier! With such stiff competitive fac-
tors being prevalent, many significant
international companies (Eastman Kodak,
Union Carbide, Ciba Geigy,Ashland
Chemical, Merck,Agfa for example) have
chosen to exit semiconductor business
activity during the last few years.
Additionally, even more localised compe-
tition has occurred, where a regional,
rather than a global, concentration has
occurred. In most of these cases, the
regional financial support of a process or
of equipment manufacture over many
years (both government and/or commer-
cial) has facilitated a concentration of
suppliers into a country or region with
world market domination capability.The
example here would be Japan with about
a 65% share of the world semiconductor
materials market.
If the whole Asian region is considered,
the materials market domination will be
trending even higher, as Korea,Taiwan
and China take aim at new materials mar-
kets and other segments of the semicon-
ductor materials supply chain. However,
historically strong ROT consolidation
forces do not always succeed, some sup-
ply markets defy consolidation pressures.
A couple of these would be the neon
sign and quartz glass fabrication busi-
nesses (for semiconductor processes),
which continue to resist consolidation.
Here, local service, low barriers to entry
and some shipping problems seem to
have ensured that about 70% of these
markets are supplied by local or regional
fabricators with sales of less than $20m
per year and of that, very little of the
market is supplied by large fabricators.
Barriers to Entry
Market domination by a few companies
has been caused by the large amounts of
capital, time and/or process knowhow,
required to develop each succeeding
generation of high performance semicon-
ductors, process equipment or process
materials. Such a task and the inherent
presence of huge barriers to entry to a
newcomer now usually restrict market
participation to the very large, well
financed, successful players and the
inherent presence of huge barriers to
entry to a newcomers, that these factors
cause.Additionally, there is usually a long
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14th Century stained glass angel demonstrates
early use of nano materials. Courtesy: Mike Cooke
period (5 to 7 years) before any cash
flow is realised from any significant
research and development of projects.
As the chip manufacturing technology
continues to advance, the intellectual
property situation is also becoming more
complex and less confined to one com-
pany. Developing the equipment for
tomorrow’s processes also becomes
more complicated, so the equipment of
tomorrow will often come bundled with
a license for the process technology, a
technology component that will not 
necessarily be from the same company
that makes the equipment.
Other hidden barriers can be present,
where the market entry can be protected
by the fact that, a potential competitive
product is not necessarily the obvious
simple replacement.An example could be
polishing slurries and related supplies,
where a new offering does not replace or
improve the existing process - and
months of frustration may result.The
increased complexity of future ICs is
expected to drive their installed fab-line
costs to multi-deca-billion dollar levels
over the next ten years (2015) to costs
that could exceed the gross national prod-
ucts of several smaller industrial nations -
quite a significant barrier to entry.
New materials demand
It has been apparent for some time that
the intrinsic mobility of silicon is becom-
ing a significant factor in restricting the
future performance of silicon devices,
unless new technology is developed.Two
realistic alternatives for future perform-
ance improvements are the higher mobil-
ity compound semiconductors, and
strained silicon growth technology,
where new devices could take advantage
of the up to 80% improvement in mobili-
ty obtainable from the deposition of
strained silicon device layers.
As critical device dimensions grow ever
smaller and the operating frequencies
grow ever higher, the need for new
materials has become more important. It
is now becoming obvious that the per-
formance of future families of devices
will depend more and more on new
materials, new chemical compounds
and new processes and the device pro-
duction equipment to apply them.
Many of these opportunities will fall in
the realm of nanotechnology, a buzzword
that has become a darling of the media
and a necessary mention for many labo-
ratories wishing to obtain the latest R&D
contracts. However, nanotechnology has
long been a feature of many biological,
optoelectronic and some silicon device
processes, and nanoparticle-sized disper-
sions of gold have provided some of the
stable stained-glass window colours for
about 400 years.
Chemical precursors
Improved device performances for the
chips of the future are becoming more
and more device-specific and requiring
the deposition of specific device layers. In
many cases, the application of non-silicon
sourced, device specific, precursor chemi-
cals will be required for the best device
characteristics. Some examples are depo-
sition precursors for mixed gate oxides
(eg. co-using hafnium oxide, silica, or alu-
mina) for nitride barrier layers (based on
titanium and tantalum) and high dielec-
tric constant materials such as PZT (lead
zirconium titanates) and SBT (strontium
bismuth tantalates) to make the ever thin-
ning capacitor and gate dielectric materi-
als destined for the next generation of ICs
and memory chips.
Next generation memory types, SRAMs,
DRAMs and flash memory are also driv-
ing researchers to consider more exotic
(for the silicon industry) compounds,
such as those listed above, indium anti-
monide and germanium antimony tellu-
ride. Even some old standbys (silver and
copper sulphides and silver selenide)
have been evaluated in memory cells
producing lifetimes of 10E9 to 10E13
cycles, still a little short of the desired
longevity. Such new requirements require
the specialty chemical industry to devel-
op new precursor compounds at ever-
higher purity and production levels and
in some cases spawning new companies
in the process.
A little good fortune may be present
here, since some precursors may have
already been developed for other 
modern technology uses; for example
superconducting materials and copper
and other barrier layer technologies. In
some instances, relatively large market
opportunities could be opening up for
smaller companies with the relevant
technology.
However, in addition to the existing
cooperation, there could be a need for a
US industry consortium to take on the
development of these special materials
requirements, particularly since an
already established Japanese industry
group, that is working in this sector, does
not appear to be in a cooperative bent at
this time.
Compound semiconduc-
tor benefits
However for the compound semicon-
ductor industry, one thing is becoming
apparent - compound semiconductors
may yet be the final solution for high
speed (frequency), low power devices
as more companies are looking at indi-
um antimonide devices.
These will benefit from one of the high-
est semiconductor materials mobilities
available to date, a value in the range of
30,000 cm/Vsec.
Even Intel Corporation, which could
probably purchase most of the com-
pound semiconductor device industry, if
it needed the technology, has recently
reported an interest in very low power
high speed indium antimonide technolo-
gy and an indium antimonide joint
device development project for this pur-
pose with UK QinetiQ Ltd.* 
The good news - for TFR readers - is sili-
con may yet have to turn to compound
semiconductors for the highest speed
lowest power drain devices of the future!
The bad news (a may-be) - although it
will become a multi-billion-dollar busi-
ness segment, it will still only be a small
fraction of the total semiconductor
industry.
* QinetiQ Ltd is a spin off from the
British Defence research establishment.
Dr Alan Mills reports from Silicon
Valley, USA.
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